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NATIONAL FOREWORD 

This Indian Standard ( Part 7 ) ( First Revision ) which is identical with ISO 8753 : 1987 Mron 
ores — Determination of lead and/or zinc content — Flame atomic absorption spectrometric 
method', issued by the International Organization for Standardization ( ISO ), was adopted by 
the Bureau of Indian Standards on the recommendations of the Methods of Chemical Analysis 
or Ores, Minerals and Allied Materials for Metallurgical Industry Sectional Committee ( MTD 29 ) 
and approval of the Metallurgical Engineering Division Council. 

IS 1493 was first published in 1959 and subsequently revised as IS 1493 ( Part 1 ) : 1981 
'Methods of chemical analysis of iron ores : Part 1 Determinati^sn of common constituent' 
which covered the chemical analysis of iron ores for determination of moisture, silica, iron, 
phosphorus ( > 5 percent ), aluminium and sulphur by conventional methods, namely 
gravimetric and volumetric methods. The chemical analysis for determination of remaining 
constituents by conventional method would be covered in Part 2 of this standard, which is 
under preparation. 

Since atomic absorption spectrometry ( ASS ) for iron ore has greatly facilitated the determina- 
tion of many of the constituents, a need was felt to formulate standards in this field, which have 
resulted in the publication of the following parts of this standard: 
IS 1493 Methods of chemical analysis of iron ores: 

Part 3 Determination of titanium, chromium, vanadium, calcium anJ magnesium by 

atomic absorption spectrometry 
Part 4 Determination of aluminium by atomic absorption spectrometry 

Part 5 Determination of copper by atomic absorption spectrometry 

Part 6 Determination of sodium and/or potassium contents by atomic absorption 

spectrometry 

Parts Determination of arsenic content by molybdenum blue spectrophotometric 

method 
This part 8 covers the determination of lead and/or zinc content by flame atomic absorption 
spectrometric method. 

In the adopted standard certain conventions are not identical with those used in the Indian 
standards; attention is drawn specially to the following: 

a) Wherever the words 'International Standard' appear, referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma ( , ) has been used as a decimal marker while in Indian Standards the current 

practice is to use a point ( . ) as the decimal marker. 

CROSS REFERENCES 

In this adopted standard, reference appears to certain International Standard for which Indian 
Standards also exist. The corresponding Indian standards which are to be substituted in their 
place are also listed below along with their degree of equivalence for the editions indicated: 
international Standard Indian Standard Degree of 

Equivalence 
ISO 648 Laboratory glassware — IS 1117 : 1975 One mark Technically equivalent 

One mark pipettes pipette ( first revision ) 

ISO 1042 Laboratory glassware— 15915:1975 One mark Technically equivalent 

One mark volumetric flask volumetric flasks ( first 

revision ) 

ISO 3081 Iron ores — Increment 
sampling — Manual method 

ISO 3082 Iron ores — Increment 
sampling and sample prepara- 
tion — Mechanical method 

ISO 3083 Iron ores — Prepara- 
tion of samples — Manual 
method 

ISO 7764 Iron ores — Preparation 
of predried test samples for 
chemical analysis 



IS 1405 : 1982 Methods Technically equivalent 

of sampling of iron ores 
( second revision ) 
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Indian Standard 
METHODS OF CHEMICAL ANALYSIS OF IRON ORES 

PART 7 DETERIVriNATION OF LEAD AND/OR ZINC CONTENT — FLAME 
ATOMIC ABSORPTION SPECTROMETRIC METHOD 

( First Revision ) 



1 Scope and field of application 

This \nxernax\or\a\ Standard specifies a flame atomic absorption 
spectrometric method for the determination of the lead and/or 
zinc content of iron ores. 

This method is applicable to a concentration range of 0,001 to 
0,5 % [m/m) of lead and 0,001 to 0,5 % [mlm] of zinc in 
natural iron ores, and iron ore concentrates and agglomerates 
including sinter products. 



2 References 

ISO 648, Laboratory glassware — One-mark pipettes. 

ISO 1042, Laboratory glassware — One-mark volumetric flasks, 

ISO 3081, Iron ores — Increment sampling — Manual method, 

ISO 3082, Iron ores — Increment sampling and sample 
preparation — Mechanical method. 

ISO 3083, Iron ores — Preparation of samples — Manual 
method, 

ISO 7764, Iron ores — Preparation of predried test samples for 
chemical analysis. 

3 Principle 

Decomposition of a test portion and removal of silica by treat- 
ment with hydrochloric acid and hydrofluoric acid. Oxidation 
with nitric acid. 

Evaporation to dryness, followed by dilution and filtration. Igni- 
tion of the residue. Fusion with sodium carbonate. Dissolution 
of the cooled melt with hydrochloric acid. Reservation of the 
solution. 

Extraction of iron in the filtrate with MIBK. Recovery of lead 
and zinc extracted. Decomposition of MIBK with nitric acid. 
Evaporation to dryness and dissolution of salts with the reserv- 
ed solution and hydrochloric acid. 

Aspiration of the solution into the flame of an atomic absorp- 
tion spectrometer using an air-acetylene burner. 

Comparison of absorbance values obtained for lead or for zinc 
with those obtained from the calibration solutions. 



4 Reagents 

During the analysis, unless otherwise stated, use only reagents 
of recognized analytical grade and only distilled water or water 
of equivalent purity. 

4.1 Sodium carbonate, anhydrous. 

4.2 Methyl isobutyl ketone (MIBK), high purity. 

4.3 Hydrochloric acid, g 1,16 to 1,19 g/ml. 

4.4 Hydrochloric acid, g 1,16 to 1,19 g/ml, diluted 10 + 6. 

4.5 Hydrochloric acid, g 1,16 to 1,19 g/ml, diluted 1 + 1. 

4.6 Hydrochloric acid, £» 1 , 16 to 1 , 19 g/ml, diluted 2 + 98. 

4.7 Nitric acid, g 1,4 g/ml. 

4.8 Hydrofluoric acid, 40 % im/m) {g 1,13 g/ml). 

4.9 Lead standard solutions. 

4.9.1 Stock lead standard solution. 

Dissolve 1,000 g of high purity lead metal (free from iron) in 
40 ml of nitric acid {g 1,4 g/ml, diluted 1+1). Cool and dilute 
to 1 000 ml in a volumetric flask and mix. 

1 ml of the stock solution contains 1 000 |ig of lead. 

4.9.2 Standard solution A. 

Transfer 10,0 ml of stock lead standard solution (4.9.1) to a 
100 ml volumetric flask. Dilute to the mark and mix. 

1 ml of this standard solution contains 100 pg of lead. 

4.9.3 Standard solution B. 

Transfer 10,0 ml of standard solution A (4.9.2) to a 100 ml 
volumetric flask. Dilute to the mark and mix. 

1 ml of this standard solution contains 10 \ig of lead. 
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4.10 Zinc standard solutions. 

4.10.1 Stock zinc standard solution. 

Dissolve 1,000 g of high purity zinc metal (free from iron) in 
40 ml of hydrochloric acid (4.5). Cool and dilute to 1 000 mlin a 
volumetric flask and mix. 

1 ml of the stock solution contains 1 000 jig of zinc. 

4.10.2 Standard solution C. 

Transfer 10,0 ml of stock zinc standard solution (4.10.1) to a 
1 000 ml volumetric flask. Dilute to the mark and mix. 

1 ml of this standard solution contains 10 jig of zinc. 



5 Apparatus 

NOTE — Unless otherwise indicated, any pipettes and volumetric 
flasks shall be one-mark pipettes and volumetric flasks complying with 
the specifications of ISO 648 and ISO 1042. 

Ordinary laboratory apparatus, and 

5.1 Polytetrafluoroethylene (PTFE) beaker, of capacity 
250 ml, with a PTFE cover. 

5.2 Atomic absorption spectrometer, equin;>rd wth an 
air-acetylene burner. The atomic absorption speciiorneter used 
will be satisfactory if it meets the following criteria : 

a) Minimum sensitivity — the absorbance of the calibra- 
tion solution of highest concentration (7.4.4) is at least 0,25. 

b) Curve linearity ~ the slope of the calibration graph 
covering the top 20 % concentration range (expressed as a 
change in absorbance) is not less than 0,7 of the value of 
the slope for the bottom 20 % concentration range deter- 
mined in the same way. 

c) Minimum stability — the standard deviation of the 
absorbance of the calibration solution of highest concentra- 
tion and the standard deviation of the absorbance of the 
zero calibration solution, each being calculated from a suffi- 
cient number of repetitive measurements, are less than 
1,5 % and 0,5 % respectively of the mean value of the 
absorbance of the calibration solution of highest concen- 
tration. 

NOTES 

1 The use of a strip chart recorder and/or digital readout device is 
recommended to evaluate the criteria and for all subsequent 
measurements. 

2 Instrument parameters may vary with each instrument. The follow- 
ing parameters were successfully used in several laboratories and they 
can be used as guidelines. 

Pb Zn 



HoMow cathode lamp, mA 
Wavelength, nm 
Air flow rate, l/min 
Acetylene flow rate, l/min 



6 8 

283,3 213,9 

14 14 

3 3 



In systems where the values shown above for gas flow rates do not 
apply, the ratio of the gas flow rates may still be a useful guideline. 



6 Sampling and samples 



6.1 Laboratory sample 

For analysis, use a laboratory sample of minus 100 |am particle 
size which has been taken in accordance with ISO 3081 or 
ISO 3082 and prepared in accordance with ISO 3082 or 
ISO 3083. In the case of ores with significant contents of com- 
bined water or oxidizable compounds, use a particle size of 
minus 160 |Jm. 

NOTE — A guideline on significant contents of combined water and 
oxidizable compounds is incorporated in ISO 7764. 



6.2 Preparation of predried test samples 

Thoroughly mix the laboratory sample and, taking multiple 
increments, extract a test sample in such a manner that it is 
representative of the whole contents of the container. Dry the 
test sample at 105 ± 2 °C as specified in ISO 7764. (This is the 
predried test sample.) 



7 Procedure 



7.1 Number of determinations 

Carry out the analysis at least in duplicate in accordance with 
annex A, independently, on one predried test sample. 

NOTE — The expression "independently" means that the second and 
any subsequent result is not affected by the previous resultis). For this 
particular analytical method this condition implies that the repetition of 
the procedure should be carried out either by the same operator at a 
different time or by a different operator, including in either case, ap- 
propriate recalibration. 



7.2 Blank test and check test 

In each run, one blank test and one analysis of a certified 
reference material of the same type of ore shall be carried out in 
parallel with the analysis of the ore samplels) under the same 
conditions. A predried test sample of the certified reference 
material shall be prepared as specified in 6.2. 

NOTE — The certified reference material should be of the same type as 
the sample to be analysed and the properties of the two materials 
should be sufficiently similar to ensure that in either case no significant 
changes in the analytical procedure become necessary. 

When the analysis is carried out on several samples at the same 
time, the blank value may be represented by one test, provided 
that the procedure is the same and the reagents used are from 
the same reagent bottles. 

When the analysis is carried out on several samples of the same 
type of ore at the same time, the analytical value of one cer- 
tified reference material may be used. 
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7.3 Test portion 

Taking several increments, weigh, to the nearest 0,000 2 g, 
approximately 2 g of the predried test sample obtained in ac- 
cordance with 6.2. 

NOTE — The test portion should be taken and weighed quickly in orde-- 
to avoid reabsorption of moisture. 

7.4 Determination 

7.4.1 Decomposition of the test portion 

Transfer the test portion (7.3) to a 250 ml PTFE beaker (5.1). 
Moisten with a few millilitres of water, add 40 ml of 
hydrochloric acid (4.3) and 10 ml of hydrofluoric acid (4.8), 
cover with a PTFE cover. Heat on a hotplate at 100 ^C, then 
increase the heat to 200 °C. Evaporate to dryness. Add 5 ml of 
nitric acid (4.7) and evaporate to nearly 1 ml. Dissolve the salts 
with 10 ml of hydrochloric acid (4.3) and evaporate to dryness 
again. 

Dissolve the salts with 5 ml of hydrochloric acid (4.3). Add 
10 ml of water and filter through a close-texture paper into a 
250 ml beaker. Remove all adhering particles from the beaker 
with a rubber-tipped rod, wash with hydrochloric acid (4.6) 
until the paper is free from iron stain, and wash the paper three 
times with hot water. Reserve the residue and combined filtrate 
and washings. 

7.4.2 Treatment of residue 

Place the paper and residue into a platinum crucible, dry and 
char the paper at a low temperature and ignite in a muffle fur- 
nace at 550 °C. Add 0,5 g' of sodium carbonate (4.1) and fuse 
over a Bunsen burner (about 900 to 1 000 °C) until a clear melt 
is obtained. Dissolve the cooled melt with 5 ml of hydrochloric 
acid (4.5), heat to remove carbon dioxide and reserve the sol- 
ution. 



(4.5) indicated in table 1. Heat the solution to remove carbon 
dioxide. Cool and make up to 100 ml in a volumetric flask with 
water. (See the note to table 2.) (This solution is the final test 
solution.) 

Transfer corresponding amounts of blank test solution to a 
250 ml beaker, add the same volume of sodium carbonate (4. 1 ) 
and hydrochloric acid (4.5) as used for the test solution. Heat 
the solution to remove carbon dioxide. Cool and make up to 
100 ml in a volumetric flask with water and mix. (This solution 
is the diluted blank test solution.) 

7.4.4 Preparation of the set of lead and zinc calibration 
solutions 

Transfer 1,0 g of sodium carbonate (4.1) to each of six 250 ml 
beakers. Add 20 ml of hydrochloric acid (4.3) and appropriate 
aliquots of lead standard solutions A or B and zinc standard 
solution C as listed in table 2. Heat the solution to remove car- 
bon dioxide. Cool and make up to 100 ml in a volumetric flask. 

NOTE — The range of lead and zinc which can be covered may vary 
from instrument to instrument. Attention should be paid to the 
minimum criteria given in 5.2. For instruments with high sensitivity 
smaller aliquots of the standard solutions can be used. 



7.4.5 Adjustment of atomic absorption spectrometer 

Set the wavelength for lead (283,3 nm) or zinc (213,9 nm) to 
obtain minimum absorbance. Fit the correct burner and, in 
accordance with manufacturer's instructions, light the ap- 
propriate flame. After 2 min preheating of the burner, adjust 
fuel and burner to obtain maximum absorbance while 
aspirating the calibration solution of highest concentration (see 
7.4.4), and evaluate the criteria in 5.2. 

Aspirate water and the calibration solution to establish that the 
absorbance reading is not drifting and then set the initial 
reading for water to zero absorbance. 



7.4.3 Treatment of combined filtrate and washings 

Evaporate the filtrate and washings (7.4.1) just to dryness. 
Dissolve the salts with 20 ml of hydrochloric acid (4.4), and 
transfer to a 200 ml separating funnel. Rinse the beaker with 
20 ml of hydrochloric acid (4.4) and combine these washings 
with the main solution. Add 50 ml of MIBK (4.2) and shake 
thoroughly for 1 min. Allow the layers to separate, then run the 
tower aqueous solution into a 250 ml beaker. Wash the organic 
phase by extracting with 10 ml of hydrochloric acid (4.4), 
transfer the washings to the beaker. 

Heat the solution gently and expel almost all of the MIBK in the 
solution. Then add 5 ml of nitric acid (4.7) and evaporate to 
dryness. Dissolve the salts with 15 ml of hydrochloric acid 
(4.5). Combine this solution with the reserved solution from 
7.4.2. 

Transfer the solution to a 50 ml volumetric flask, and dilute to 
volume with water and mix. Depending on the concentration 
(see table 1) use the solution for atomic absorption measure- 
ment either without dilution or as specified. When dilutior) is re- 
quired, transfer the appropriate aliquot to a 250 ml beaker. Add 
the BTDOunt of sodium carbonate (4.1) and hydrochloric acid 



7.4.6 Atomic absorption measurements 

Aspirate the calibration solutions and the final test solution in 
order of increasing absorption, starting with diluted blank test 
solution and the zero calibration solution, with the final test 
solution being aspirated at the proper point in the series. 
Aspirate water between each solution and record the readings 
when stable responses are obtained. 

Repeat the measurements at least twice more. If necessary, 
convert the average of the readings for each solution to ab- 
sorbance. Obtain the net absorbance of each calibration solu- 
tion by subtracting the absorbance of the zero calibration solu- 
tion. Similarly, obtain the net absorbance of the final test solu- 
tion by subtracting the absorbance of the diluted blank test 
solution. 

Prepare a calibration graph by plotting the net absorbance 
values of the calibration solutions against the concentrations, 
in micrograms per millilitre, of lead or zinc. 

Convert the net absorbance values of the final test solution to 
micrograms of lead and/or zinc per millilitre by means of the 
calibration graph. 
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Table 1 — Dilution guide for test solution^ 





Expected content, w, 




Mass of sodium 


Volume of 


Element 


of element 


Aliquot 


carbonate (4.1) 


hydrochloric acid 




in sample 




to be added 


(4.5) to be added 




% [mini) 


ml 


g 


ml 


Lead 


0,001 < wpb < 0,05 


„ 


— 


— 




0,05 < H'pb < 0,2 


20 


0,8 


32 




0,2 < wpb < 0,25 


10 


0,9 


36 




0,25 < wp5 < 0,5 


5 


0,95 


38 


Zinc 


0,001 < w^n < 0,006 


— 


__ 


— 




0,006 < H-^n < 0,02 


25 


0,75 


30 




0,02 < u'zn < 0'06 


10 


0,9 


36 




0,06 < iv^n < 0,12 


5 


0,95 


38 




0,12 < wzn < 0,3 


2 


0,98 


39 




0,3 < H'zn < 0,5 


1 


0,99 


40 



* Dilution shown will provide concentrations of lead and zinc falling within the range 
tions (7.4.4). For instruments with high sensitivity, smaller portions of the test solution 
1 ml or 2 ml of aliquot, make preliminary dilution in order to avoid dilution error. Treat 
similarly. 



of the calibration solu- 
may be preferable. For 
the blank test solution 



Table 2 — Calibration solutions 



Solution 
number 


Lead 


Zinc 


Standard 
solution A 

(4.9.2) 
ml 


Standard 
solution B 

(4.9.3) 
ml 


Concentration 

Hg/ml 


Standard 
solution C 

(4.10.2) 
ml 


Concentration 

pg/ml 



1 

2 
3 
4 
5 






5 

10 

15 

20 



20 







2 
5 

10 
15 
20 



5 

10 
15 
20 
25 




0,5 

1 

1,5 

2 

2,5 



8 Expression of results 

8.1 Calculation of lead or zinc content 

The lead or zinc content, ^^\ expressed as a percentage by mass 
to five decimal places, is calculated from the equation 



qV 



w, X 10 000 



.{1) 



where 



Q is the concentration, in micrograms per millilitre, of lead 
or zinc in the final test solution; 

V is the volume, in millilitres, of final test solution; 

Wi is the mass of sample, in grams, in the final test solu- 
tion, taking account of any preliminary dilution which may 
have been made. 



m X V- 



where 

/;/ is the mass, in grams, of the test portion; 

K-i is the volume, in millilitres, of the aliquot taken in 7.4.3 
(see table 1). When no dilution has been made K^ = 50. 

8.2 General treatment of results 



8.2.1 Repeatability and permissible tolerance 

The precision of this analytical method is expressed by the 
following regression equations^* : 

Lead 



50 



r = 0,033 2^^ + 0,000 4 

P =0,058 7 A^+ 0,002 8 

Or = 0,011 IX + 0,000 1 

CT. = 0,019 0A^ + 0,001 



...(2) 
...(3) 
-..(4) 
...(5) 



1) Additional information is given in annex B and annex C. 
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Zinc 



r -0,041 5;^+ 0,001 1 

P = 0J04 8A^+ 0,003 

Or - 0,014 7X + 0,000 4 

otl - 0,035 BAT + 0,001 



..(6) 
..(7) 

..(8) 

.:{9) 



where 



X is the lead or zinc content, expressed as a percentage by 
mass, of the predried test sample; 

— within-laboratory equations (2, 4, 6, 8) : the 
arithmetic mean of the duplicate values, 

— between-laboratories equations (3, 5, 7, 9) : the 
arithmetic mean of the final results (8.2.3) of the two 
laboratories; 

r is the permissible tolerance within a laboratory 
(repeatability); 

P is the permissible tolerance between laboratories; 

o. is the within-laboratory standard deviation; 



Oi is the between-laboratories standard deviation. 



8.2.2 Acceptance of analytical values 

The result obtained for the certified reference material shall be 
such that the difference between this result and the certified 
value of the reference material is statistically insignificant. For a 
reference material that has been analysed by at least 
10 laboratories using method(s) that are comparable both In ac- 
curacy and precision with this method, the following condition 
may be used to test the significance of the difference : 



|.4o 


- A 


l<2[, 


A^ 


+ 






^c 




where 












Ar 


is the certified val 


lue; 





+ erf -H 



^? 



.(10) 



A is the result or the mean of results obtained for the cer- 
tified reference material; 



^Lc 



is the between-laboratories standard deviation of the 
certifying laboratories; 

•^Wc 's the within-laboratory standard deviation of the cer- 
tifying laboratories; 

''wc 'S the average number of replicate determinations in 
the certifying laboratories; 



If condition (10) Is satisfied, i.e. if the left-hand side is less than 
or equal to the right-hand side, then the difference 1/4^-^1 is 
statistically insignificant; otherwise it is statistically significant. 

When the difference is significant, the analysis shall be 
repeated, simultaneously with an analysis of the test sample. If 
the difference is again significant, the procedure shall be 
repeated using a different certified reference material of the 
same type o* ore. 

When the range of the two values for the test sample is outside 
the limit for r calculated according to either equation (2) or (6) 
as appropriate in 8.2.1, one or more additional tests shall be 
carried out in accordance with the flowsheet presented in 
annex A, simultaneously with an analysis of a certified 
reference material of the same type of ore. 

Acceptability of the results for the test sample shall in each case 
be subject to the acceptability of the results for the certified 
reference material. 

NOTE — The following procedure should be used when the infor- 
mation on the reference material certificate is incomplete : 

a) if there are sufficient data to enable the between-laboratories 
standard deviation to be estimated, delete the expression 5^ I f^\Nc 
and regard s^^ as the standard deviation of the laboratory means; 

b) if the certification has been made by only one laboratory or if 
the interlaboratory results are missing, it is advisable not to use this 
material for this purpose. In the case of its use being unavoidable, 
use the formula 



l^c 



A\<2 



2ol + 



(11) 



8.2.3 Calculation of final result 

The final result is the arithmetic mean of the acceptable 
analytical values for the test sample, or as otherwise determin- 
ed by the operations specified in annex A, calculated to five 
decimal places and rounded off to the third decimal place as 
follows : 

a) when the figure in the fourth decimal place is less than 
5, it is discarded and the figure in the third decimal place is 
kept unchanged; 

b) when the figure in the fourth decimal place is 5 and 
there is a figure other than in the fifth decimal place, or 
when the figure in the fourth decimal place is greater than 5, 
the figure in the third decimal place is increased by one; 

c) when the figure in the fourth decimal place is 5 and 
there is the figure in the fifth decimal place, the 5 is 
discarded and the figure in the third decimal place is kept 
unchanged if it is 0, 2, 4, 6 or 8 and is increased by one if it is 
1, 3, 5, 7 or 9. 



Nf, is the number of certifying laboratories; 

n is the number of replicate determinations on the 
reference material (in most cases n - 1); 

Ci and <Jr are as defined in 8.2. 1 . 



8.3 Oxide factors 

Wpbo(%) - 1,077 2wpb(%) 
^Zr>o<%) = 1,244 7wzn(%) 



IS 1493 (Part?): 1993 
ISO 8753: 1987 



9 Test report c) result of the analysis; 

The test report shall include the following information : d) reference number of the result; 

a) reference to this International Standard; e} any characteristics noticed during the determination, 

and any operations not specified in this International Stan- 

b) details necessary for the Identification of the dard which may have had an influence on the result, either 
sample; for the test sample or the certified reference material(s). 
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Annex A 

Flowsheet of the procedure for the acceptance 
of analytical values for test samples 

(an integral part of this International Standard) 






^1 


+ 


^2 


+ 


^3 


+ 


X4 










4 









X ~ Median of jc-f, X2, ^3, x^ 



r : as defined in 8,2.1. 
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Annex B 
Derivation of repeatability and permissible tolerance equations 

(This annex is for information only, and does not form an integral part of this International Standard.) 

The regression equations in 8.2.1 have been derived from the results of international analytical trials carried out in 1981/1982 on five 
iron ore samples, involving 22 laboratories in nine countries. 

Graphical treatment of the precision data is given In annex C. 

The test samples used were : 

Sample Lead content Zinc content 

(% im/m)] [%{m/m)] 

Sishen iron ore (76-16) 0,001 5 0,001 6 

Robe River (76-21) 0,001 4 0,009 9 

Stollberg ^79-1) 0,097 5 0,139 8 

Whyalla Ore (79-13) 0,006 6 0,477 8 

Purpur Ore (80-1) 0,319 5 0,164 9 

NOTES 

1 A report of the international trial and a statistical analysis of the results (Documents ISO/TC 102/SC 2 N 702 E and 2 N 740 E) is available fronn 
either the Secretariat of ISO/TC 102/SC 2 or the Secretariat of ISO/TC 102. 

2 The statistical analysis has been performed in accordance with the principles embodied in ISO 5725. 
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Annex C 
Precision data obtained by international analytical trials 

(This annex is for information only, and does not fornn an integral part of this International Standard.) 

NOTE — These figures are graphical presentations of the eguations in 8.2.1. 
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Figure 1 - Least-squares fit of precision against X for lead 
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Figure 2 — Least-squares fit of precision against X for zinc 
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Standard Mark 

The use of the Standard Mark is govertied by the provisions of the Bureau of Indian 
Standards Act, 1986 and the Rules and Regulations naade thereunder. The Standard Mark 
on products covered by an Indian Standard conveys the assurance that they have been 
produced to comply with the requirements of that standard under a well defined system 
of inspection, testing and quality control which is devised and supervised by BIS and 
operated by the producer. Standard marked products are also continuously checked by 
BIS for conformity to that standard as a further safeguard. Details of conditions under 
which a licence for the use of the Standard Mark may be granted to manufacturers or 
producers may be obtained from the Bureau of Indian Standards. 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to 
promote harmonious development of tbe activities of standardization, marking and quality 
certification of goods and attending to connected matters in the country. 

Copyright 
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in any form without the prior permission in writing of BIS. This does not preclude the free use, 
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or grade designations. Enquiries relating to copyright be addressed to the Director 
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reference: 

Doc : No. MTD 29 ( 3970 ) 

Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 

Telephones : 331 01 31. 331 13 75 Telegrams : Manaksanstha 

( Common to all Offices ) 

Regional Offices : Telephone 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg ^331 01 31 

NEW DELHI 110002 



C331 01 31 
Z331 13 75 



Eastern : 1/14 C. I. T. Scheme VII M, V. 1. P. Road, Maniktola C37 84 99, 37 85 61 

CALCUTTA 700054 {37 86 26, 37 86 62 

53 38 43, 53 16 40 



Northern : SCO 445-446, Sector 35-C, CHANDIGARH 160036 



53 23 84 



Southern : C. I. T. Campus, IV Cross Road, MADRAS 600113 ^^35 ^5 ^^' ^^^ ^"^ "^^ 

Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) 1632 92 95, 632 78 58 

BOMBAY 400093 \632 78 91, 632 78 92 

Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE, 
FARIDABAD. GHAZIABAD. GLWAHATL HYDERABAD. JAIPUR. KANPUR. 
LUCKNOW. PATNA. THIRUVANANTHAPURAM. 



Printed at PrintwcU Printers, Aligarh, India 



